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Food and milk processing industries consume large quantities of
water. The food industrial efﬂuents in general are characterized by
high Biological Oxygen Demand and Chemical Oxygen Demand
along with fats, oil–grease and many other recoverable nutrients
like Nitrogen, Phosphorous and Potassium. In the present
investigation thorough treatment studies were carried out on
diary, sweet-snacks and ice-cream industrial efﬂuents using alum,
electrocoagulation and powdered activated charcoal as adsorbent.
Characterization of the efﬂuents was also carried out to check the
pollution potential of these efﬂuents. More emphasis was given on
the representative water parameters mainly pH, Electrical Con-
ductivity, Total Dissolved Solids, Chemical Oxygen Demand,
Turbidity and Hardness. The electrocoagluation was performed
with aluminum electrodes at different time intervals in order to
check the variations in efﬂuent parameters. Present studies
revealed that electrocoagluation and adsorption have better ability
to reduce the water parameters.
& 2013 The Authors. Published by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Ever increasing industrialization and rapid urbanization have considerably increased the rate of
water pollution. The dwindling supplies of natural resources of water have made this a seriousier B.V.
.V. Mane).
Open access under CC BY-NC-ND license.
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protection agencies have imposed more stringent regulatory prohibitions to protect the environment.
This has made the water treatment more expensive and to comply with the discharge quality standard
itself, is becoming a huge burden for the industries. The pollution of water resources due to discharge
of poor quality efﬂuents poses a serious threat to human beings and aquatic organisms since they rely
on water for sustenance. The problem is more severe in developing countries where rapid population
growth and industrialization has increased complexity of efﬂuents [1–3]. In recent years, researchers
have shifted their interests in possible reuse and recycling of various efﬂuents where dairy industries
are no exceptions to it [4]. In most cases, these efﬂuents are not treated and are simply thrown into
rivers where they contribute to eutrophication by addition of phosphorus and nitrogen compounds.
Treating dairy efﬂuents is of crucial importance not only for the environment, but also for the purpose
of recycling water for use in industrial processes. The physico-chemical processes suffer the
disadvantage that reagent costs are high and the soluble COD removal is low [5]. Moreover, chemical
treatments could induce a secondary pollution due to the fact that chemical additives may
contaminate the treated water. Dairy industry wastewater demonstrates a complicated system
containing different components, including pollutants coming from the processed raw materials,
chemicals and residues of technological additives used in individual operations. In reference to food
industry wastewater, treatment processes have to assure ﬁrst of all required quality of discharged
efﬂuents.
Dairy industry is of crucial importance to India and contributes 35% of the total Asian milk. It is the
world's largest milk producer in the entire globe consuming almost 100% of its own milk production.
The dairy industries require large quantity of water for the purpose of washing of cans, machinery and
ﬂoor, the liquid waste in a dairy originates from manufacturing process, utilities and service section.
The clean water is used in various stages of dairy operations, such as, milk processing, cleaning,
packaging and cleaning of the milk tankers and releases the wastewater which is known as dairy
efﬂuent. Water is used for processing in the ratio of 1:10 (water: milk) per liter of milk. Dairy
wastewater has high concentration of dissolved organic components like whey proteins, lactose, fat
and minerals [7] and it is also malodorous because of the decomposition of some of the contaminants
causing discomfort to the surrounding population. The dairy industry generates huge amount of
wastewaters, approximately 0.2–10 L of waste per litre of processed milk [4]. Dairy wastes are largely
neutral or slightly alkaline and have a tendency to become acidic quite rapidly, because of the
fermentation of milk sugar to lactic acid. The lower pH may lead to the precipitation of casein. Dairy
wastes are characterized by strong butyric acid odor and heavy black ﬂocculated sludge masses [8].
Fats, oil and grease, also called FOG and can have negative impacts onwastewater treatment systems [9].
Oil and grease is composed primarily of a fatty matter from animal and vegetable sources, hydrocarbons
of petroleum origin, the interferences include sulfur compounds and certain organic dyes [10]. Organic
load is basically constituted by milk (raw material and dairy products), reﬂecting an efﬂuent with high
levels of chemical oxygen demand (COD), biochemical oxygen demand (BOD), oil and grease, nitrogen
and phosphorus. Moreover, the automatic cleaning system CIP (cleaning in place) discards rinse waters
with pH varying between 1.0 and 13.0, further complicating the question of treatment [11].
Electrocoagulation is an alternative technology for wastewater treatment systems and most
effective in removing inorganic, organic contaminants and pathogens. It is an electrolytic process that
has been already experienced for the treatment of various liquid wastes. For this to be achieved, a
convenient current is imposed on soluble anodes like aluminum, iron or their alloys in an
electrochemical cell acting as the reactor for the experiment [6]. Electrocoagulation has many
advantages such as simple equipment, easy operation and automation, a short retention time, low
sludge production and no chemical requirement. Alum (Aluminum sulfate) is a nontoxic material
commonly used in water treatment plants to clarify drinking water. Cooke et al. [16] adopted 50 mg
Al/l as a safe upper limit for post-treatment dissolved aluminum concentrations. Activated charcoal is
very porous and absorbs toxins quickly. The charcoal is made from carbon and ground into very ﬁne
granules, about the size of a dust speck of dust, which work like sponges. Then the material is
activated through different processes. Activating the charcoal allows it to absorb anything is comes in
contact with. Each pore within the charcoal grain soaks up anything traps and holds organic
chemicals, nitrates and toxins.
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dairy food plant operations [12]. Water management in the dairy industry is well documented, but
efﬂuent production and disposal remain a problematic issue for the dairy industry [13,14]. Effects of
the presence of these wastes include, contamination of drinking water, killing of aquatic life, increased
danger in swimming and objectionable physical conditions such as off odors and accumulation of
debris. Land disposal of farm efﬂuents can cause water logging conditions and contamination of
groundwater along with surface water by leaching and runoff in nearby areas. The chemical methods
may cause further contamination to the environment and while breaking down the organic pollution,
microorganisms deplete the oxygen from water [15].
In the present investigation, an attempt has been made to study the characterization and effect of
electrocoagulation, alum and powdered activated charcoal on three selected food industrial efﬂuents.
The treatments were studied in relation with important water quality parameters mainly associated
with estimation of pH, EC, TDS, COD, Turbidity and Hardness of the treated efﬂuents.2. Materials and methods
Three wastewater samples were collected from three food industries namely dairy, sweet-snacks
and ice-cream wastewater of Pune city (Maharashtra, India). The samples were labeled and preserved
as per standards methods. The methods used for analysis were in consistent with as mentioned in
‘Handbook of Water Analysis’ [17].
2.1. Electrical conductivity (EC), total solids, total suspended solids and total dissolved solids
(TS, TSS and TDS)
Electrical conductivity and total dissolved solids of the diluted efﬂuent concentrations namely 1%,
2%, 3% and 4% were determined by using ELICO EC-TDS meter (CM 183, Make-India) where electrode
was directly dipped into the respective solutions to display result on a digital scale. Total solids were
determined by gravimetric method and then suspended solids were calculated by using equation
TS¼TDSþTSS.
2.2. Turbidity and pH
Turbidity of the sample was determined by using CL 52D ELICO Nephelometer while pH of the
samples was recorded by using ELICO LI 127 pH meter.
2.3. Total hardness
The total hardness of the water samples was determined by EDTA titration, where 50 ml of well
mixed sample was mixed with 1–2 ml buffer of pH 10 and a pinch of Eriochrome black-T indicator. The
contents were then titrated with 0.01 M EDTA till wine red solution changes to blue.
Total hardness¼ C  D 1000
Volume of sample
where C¼ml of EDTA for titration, D¼mg of CaCO3 equivalent to 1 ml of EDTA.
2.4. Chemical oxygen demand (COD)
COD determination was carried out with dichromate reﬂux method with the addition of 10 ml of
0.25 N potassium dichromate (K2Cr2O7) and 30 ml H2SO4þAg2SO4 reagent in 20 ml diluted sample.
The mixture was reﬂuxed for 2 h and was cooled to room temperature. The solution was then diluted
to 150 ml by using distilled water and excess K2Cr2O7 remained was titrated with ferrous ammonium
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COD¼ ðABÞ  N  1000 8
Volume of sample
where A is the ml of FAS used for blank; B is the ml of FAS used for sample, N is the normality of FAS
and 8 is milliequivalent weight of oxygen.
2.5. Biological oxygen demand (BOD)
BOD was estimated by preparing required volume of dilution water with the addition of nutrients
namely phosphate buffer, magnesium sulfate, calcium chloride and ferric chloride. The diluted sample
was transferred to BOD bottles. After determining initial DO, ﬁnal DO was estimated of the bottles
kept for incubation period of ﬁve days. The bottles kept for DO determination and blank were ﬁxed by
adding 2 ml manganous sulfate (MnSO4), 2 ml of alkali iodide azide (NaOHþKIþNaN3).
2.6. Sodium and potassium content
The sodium and potassium content of the treated and untreated samples were determined with
the help of Systronics-128 ﬂame photometer. The air pressure was kept at 0.5 kg/cm² and the gas
feeder knob was adjusted so as to obtain a blue sharp ﬂame. Each sample was aspirated into a ﬂame in
the form of a ﬁne spray under carefully controlled excitation. After recording readings a standard
graph of absorbance Vs concentration was plotted to estimate Na and K contents.
2.7. Heavy Metals
Heavy metals and minerals mainly Co, Cr, Cu, Fe, Ni, Zn, Cd, Mn, Pb and K were estimated from the
wastewater efﬂuents. The samples were digested following the standard method by Toth et al. [18]
and were estimated using Atomic Absorption Spectrophotometer (Perkin-Elmer, 3030 A).
2.8. Electrocoagulation treatment
The experimental set up with a rectiﬁer and beakers containing efﬂuent was arranged and the
samples were analyzed after 15, 30, 45, 60 min of treatments. A pair aluminum electrodes of the size
10 cm length and 2 cm in breadth were used in the present study and immersed to a 5 cm depth was
used in the experiments. The electrodes were connected to a digital DC power supply of 30 V and a
current of 3 A. All solutions were magnetically stirred at 500 rpm. All the runs were performed at
constant temperature of 25 1C. In each run, 1000 ml of the wastewater solution was placed into the
electrolytic cell. The current density was adjusted to a desired value and the coagulation was started.
At the end of electrocoagulation, the solution was directly used without ﬁltering in order to check the
efﬁciency of electrocoagulation. Before each run, electrodes were washed with acetone to remove
surface grease and the impurities.
2.9. Alum treatment
10 g alum was added to 1 l of distilled water to prepare stock solution. Each 1.0 mL of this stock
solution will equal 10 mg\L (ppm) when added to 1000 mL of water to be tested.
2.10. Powdered activated charcoal (PAC)
Powdered Activated Charcoal was used for adsorption treatment. Total six dosages were applied
0.5, 1, 1.5, 2, 2.5 and 3 g/L respectively and samples were analyzed.
Table 1
Characterization of three food industrial efﬂuents.
Sr.
no.
Parameters Dairy
efﬂuent
Sweet-
snacks
Ice-cream Sr.
no.
Parameters Dairy
efﬂuent
Sweet-
snacks
Ice-
cream
1 Color Whitish Whitish Whitish 9 Hardness 130 120 412
(72.3) (73.1) (74.6)
2 Odor Unpleasant Unpleasant Unpleasant 10 COD 8960 9720 11,900
(716.4) (717.2) (721.3)
3 pH 7.10 5.64 6.25 11 BOD 442 486.7 523.5
(70.12) (70.12) (70.15) (73.1) (72.8) (75.9)
4 EC (lS 1082.2 1073.7 794.4 12 Total Kjeldahl's
nitrogen
120.1 95.2 88.51
(78.5) (712.1) (79.1) (72.5) (71.4) (72.1)
5 TDS 543.4 538.8 399.4 13 Sodium 125.4 129.1 98.7
(75.2) (76.4) (76.7) (72.2) (73.7) (71.9)
6 TSS 253.6 224.7 264.8 14 Potassium 78.3 110.4 156.8
(74.7) (76.4) (78.4) (72.4) (71.7) (72.7)
7 TS 797 z 763.5 664.2 15 Chlorides 186.4 234.7 256.4
(711.2) (79.4) (74.6) (73.4) (72.1) (73.9)
8 Turbidity 49.5 57.2 31.1
(71.4) (71.6) (71.8)
All Values in mg/L except EC in mS and turbidity in NTU;7 indicate SD.
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Mean and standard deviation of the raw data was calculated by using GraphPad Software.3. Results and discussion
3.1. Characterization of the food industrial efﬂuents
In the present investigation, initial characterization of the efﬂuents showed (Table 1) varying levels
of various physicochemical parameters where whitish efﬂuents along with unpleasant odor were
observed. The pH of sweet-snack efﬂuent was observed as acidic (5.64) while the diary efﬂuent was
recorded to be neutral. Electrical conductivity was also recorded to be higher in all three samples
where dairy efﬂuent showed highest EC by a value of 1082.2 μS. In general, more total solids were
observed in dairy efﬂuent as compared with other two efﬂuents. Turbidity of sweet-snack efﬂuent
was higher with a value of 57.2 NTU indicating higher solids and organics. Hardness of ice-cream
efﬂuent was higher with a value of 412 mg/L while for the same efﬂuent COD (11,900) value was
highest as compared with other three efﬂuents. BOD was also higher for ice-cream efﬂuent and was
523.6 mg/L. In general, it was also observed that nitrogen, sodium and potassium values were higher
in all the three efﬂuents indicating the fertilizing values after sufﬁcient treatment and possible
recovery. Chlorides were observed higher in ice-cream efﬂuent by a value of 256.4 mg/L. From the
initial characterization of the efﬂuent, it can be concluded that ice-cream efﬂuent was with more
pollution potential but it should also be noted that the concentration and polluting strength of the
efﬂuent varies largely and dependent on the season and type of process used in the industry.
Dairy and related food industrial processing efﬂuents are generated in an intermittent way and the
ﬂow rates of these efﬂuents change signiﬁcantly [19]. The types and size of processes and equipment
used are determined by raw material inputs and the ﬁnished products manufactured. It generates
about 0.2–10 l of efﬂuent per liter of processed milk [20] with an average generation of about 2.5 l of
wastewater per liter of milk processed [21]. Dairy wastewater contains milk solids, detergents,
sanitizers, milk wastes, and cleaning water. It is characterized by high concentrations of nutrients, and
organic and inorganic contents. Signiﬁcant variations in COD (80–95,000 mg/L) and BOD
(40–48,000 mg/L) have been reported by various investigators of dairy wastewater. If the COD value
is much bigger than the BOD value, the organic compounds inwastewater are slowly biodegradable [22].
Table 2
Heavy metal Content of three food industrial efﬂuents (Values in mg/L).
Efﬂuent Co Cr Cu Fe Ni Zn Cd Mn Pb K
Dairy ND 0.061 0.061 0.065 ND ND 0.45 0.32 0.040 5.26
Sweet and snacks ND 0.062 0.191 8.37 ND ND 0.91 0.079 0.29 5.32
Ice-cream ND 0.041 0.25 14.18 ND 0.089 0.87 0.17 0.65 9.79
Table 3
Changes in pH, EC and TDS after electrocoagulation of three food industrial efﬂuents.
Time (min) pH EC (lS) TDS (mg/L)
Dairy Sweet-snacks Ice-cream Dairy Sweet-snacks Ice-cream Dairy Sweet Ice-cream
15 8.15 4.65 6.11 615.2 622.3 68.6 196.15 306.0 34.65
(70.01) (70.07) (70.01) (71.41) (72.69) (72.40) (72.76) (73.25) (72.05)
30 8.26 5.15 6.3 411.7 504.1 161.9 199.25 289.05 79.8
(70.03) (70.07) (70.14) (71.98) (73.39) (74.95) (74.31) (74.88) (71.98)
45 8.42 5.40 6.3 415.70 596.10 188.90 214.75 298.15 46.55
(70.01) (70.03) (70.0) (72.12) (76.65) (74.10) (70.64) (74.88) (70.49)
60 8.54 5.45 6.35 578.15 987.05 209.55 292.40 490.30 19.85
(70.17) (70.01) (70.07) (75.02) (76.58) (75.29) (72.69) (75.52) (71.34)
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content [23]. Biologically active solids can be composted and utilized as a fertilizer [24]. In food industry
wastewaters, the COD and BOD values are often closely matched to each other due to easily
biodegradable organic compounds of the efﬂuent [25]. The pH varies in the range of 4.7–11 [26] whereas
the concentration of suspended solids varies in the range of 0.024–4.5 g/L signiﬁcant amount of
nutrients, 14–830 mg/L of total nitrogen and 9–280 mg/L of total phosphorus [27] are also found in dairy
wastewater. They may be alkaline or acidic, and very often contain additives like phosphates,
sequestering agents, surfactants, etc. [28]. Signiﬁcant amount of Na, Cl, K, Ca, Mg, Fe, CO, Ni, Mn are also
always present in dairy wastewater. The presence of high concentration of Na and Cl is due to the use of
large amount of alkaline cleaners in dairy plant [5].
3.2. Minerals and heavy metals
Table 2 shows heavy metal content of three food industrial efﬂuents. The nickel and cobalt were
absent in all three industrial efﬂuents. Concentration of chromiumwas observed almost same in dairy
(0.061 mg/L) and sweet-snack (0.062 mg/L) efﬂuents while it was much less in ice-cream efﬂuent.
Copper content was highest in ice-cream efﬂuent with a value of 0.25 mg/L while it was 0.191 mg/L in
sweet-snack efﬂuent. Diary efﬂuent showed much lesser amount of copper content (0.061 mg/L). Iron
content was also highest in ice-cream efﬂuent with a value of 14.18 mg/L while it was 8.37 and
0.065 mg/L in sweet-snack and dairy industrial efﬂuents respectively. Only presence of zinc was
observed in ice-cream efﬂuent with a value of 0.089 mg/L. Cadmiumwas observed with higher values
in all three efﬂuents with vales ranging from 0.45 mg/L (dairy) and 0.91 mg/L (sweet and snack).
Manganese content was higher in dairy efﬂuent by a value of 0.32 mg/L while lowest value was
observed in sweet-snack efﬂuent as 0.079 mg/L. Potassium as expected was observed to be present in
these food industrial efﬂuents with maximum (9.79 mg/L) in ice-cream efﬂuent and lowest in diary
efﬂuent by value of 5.32 mg/L. One of the interesting features of the present investigation was the
presence of lead in all three samples. It was 0.040, 0.29 and 0.65 mg/L in dairy, sweet-snack and
ice-cream efﬂuents respectively. Heavy metals and other toxicants enter in soil which is irrigated with
polluted waters and show toxic effects on plants and animals [29]. Trace elements (copper, zinc etc.)
Table 4
Changes in COD, turbidity and hardness after electrocoagulation of three food industrial efﬂuents.
Time
(min)
COD (mg/L) Turbidity (NTU) Hardness (mg/L)
Dairy Sweet-
snacks
Ice-
cream
Dairy Sweet-
snacks
Ice-
cream
Dairy Sweet Ice-
cream
15 6362.5 5232.5 6886.5 37.0 21.65 9.35 119 109 388
(73.54) (73.54) (76.36) (71.98) (70.49) (70.21) (71.41) (71.41) (72.83)
30 6095.5 4563.5 6353.5 34.5 19.9 8.35 98 98.2 349.5
(79.19) (74.95) (79.19) (71.56) (70.17) (70.07) (72.83) (72.83) (75.71)
45 5879 4083 6176.5 29 18.9 7.6 92 91 317
(71.41) (72.83) (73.54) (71.27) (70.42) (70.14) (72.83) (71.41) (74.24)
60 5482 4017.5 6040.5 24.15 17.95 5.7 77 67.5 288.5
(75.66) (73.54) (70.71) (70.07) (70.64) (70.0) (74.24) (73.54) (72.12)
W. Qasim, A.V. Mane / Water Resources and Industry 4 (2013) 1–12 7and other heavy metals (cadmium, arsenic, chromium, mercury etc.) also enter in dairy efﬂuents
through therapeutic compounds and organic materials from pesticides [47,48].
3.3. Electrocoagulation of efﬂuents
In the present study, pH of the efﬂuents increased after electrocoagluation (Table 3). Initial pH of
dairy efﬂuent after 15 min was 8.15, which increased to 8.54 after 60 min. Electrical conductivity of
the ice-cream efﬂuent increased serially while better reduction for dairy and sweet-snack efﬂuents
was observed after 30 min. TDS content also showed remarkable reduction in sweet-snack industry
after 30 min while after 60 min remarkable reduction in TDS content of ice-cream efﬂuent was
observed. Similarly COD values (Table 4) were decreased serially in all three efﬂuents. The results
obtained in relation with Turbidity shows that electrocoagulation has better ability to treat all
efﬂuents. Hardness of the efﬂuents also decreased remarkable and was in general serially decreased.
One of promising methods for treating hard-to-treat wastewater streams is electrochemically
based. Electrochemical processes (electrolysis and electrocoagulation) have been successfully
demonstrated for removing pollutants in various industrial wastewaters [30]. Electrochemical or
electrocoagulation process due to its simplicity has gained great attention and is used in removal of
various ions and organic matters [31]. This process includes a cell with metal anode (mostly iron and
aluminum) and uses direct electrical current [32]. Generally, three main processes occur serially
during electrocoagulation: (a) electrolytic reactions at electrode surfaces, (b) formation of coagulants
in aqueous phase, (c) adsorption of soluble or colloidal pollutants on coagulants, and removal by
sedimentation or ﬂoatation. Removal mechanisms reported in the electrolysis process generally
include oxidation, reduction, decomposition, whereas the mechanisms in the electrocoagulation
process include coagulation, adsorption, precipitation and ﬂotation [33]. Electrocoagulation utilizes
aluminum or iron anodes to produce aluminum or iron hydroxide ﬂocs by reaction at the anodes
followed by hydrolysis. The electrocoagulation is a simple and efﬁcient method for the treatment of
many water and wastewaters but high initial capital costs puts restriction on use of such type of
treatment technologies. The chemical reactions occurring in the electrocoagulation process at the
electrodes (aluminum electrodes) are
Anode : Al-Al3þ ðaqaÞþ3e
Cathode : 3H2Oþ3e-3=2H2þ3OH
Tchamango et al. [34] used electrocoagulation for artiﬁcial wastewater with milk powder to simulate
dairy efﬂuents; COD was reduced by 61%, phosphorus by 89%, nitrogen 81%, and 100% turbidity.
In addition with low conductivity and neutral pH, treated water would be possible reused, as reagent
required was lowered for aluminum anode for treatment. Khatibikamal et al. [35] determined that
pH between 6 and 7, when using electrocoagulation with aluminum electrodes was optimal for
Table 5
Changes in pH, EC and TDS after adsorption with powdered activated charcoal of three food industrial efﬂuents.
Dose
(g/L)
pH EC (lS) TDS (mg/L)
Dairy Sweet-
snacks
Ice-
cream
Dairy Sweet-
snacks
Ice-
cream
Dairy Sweet Ice-
cream
0.5 7.27 5.50 5.99 676.5 1075.5 493 334.1 5.37.05 247.5
(70.33) (70.06) (70.04) (72.12) (72.12) (79.90) (74.10) (72.90) (73.46)
1 7.15 5.52 6.33 675 1492.5 513.5 341 949 252.5
(70.01) (70.21) (70.13) (75.66) (74.95) (73.54) (71.41) (78.49) (76.36)
1.5 7.11 6.21 6.61 729.5 1574.5 524 365 784.5 266
(70.13) (70.08) (70.0) (72.12) (74.95) (74.24) (71.41) (74.95) (74.24)
2 7.27 6.82 6.78 725 1925.5 415.50 364 967.5 210.5
(70.05) (70.03) (70.05) (74.24) (74.95) (74.95) (74.24) (76.36) (76.36)
2.5 7.32 7.25 6.69 685.50 1756.5 406 342 979 207
(70.04) (70.01) (70.23) (76.36) (76.36) (77.07) (74.24) (71.41) (72.83)
3 7.39 7.34 7.38 694.5 1629 404.5 336.5 1438 191.5
(70.25) (70.12) (70.19) (77.78) (77.07) (74.95) (76.36) (79.90) (79.19)
Table 6
Changes in pH, EC and TDS after treatment with alum of three food industrial efﬂuents.
Dose
(mg/L)
pH EC (lS) TDS(mg/L)
Dairy Sweet-snacks Ice-cream Dairy Sweet-snacks Ice-cream Dairy Sweet Ice-cream
40 8.15 4.65 6.11 832.4 1721.5 500.4 415 869 284
(70.01) (70.07) (70.01) (75.32) (711.54) (75.62) (74.52) (75.16) (73.45)
80 8.06 5.15 6.3 786.3 1797.4 510.7 349 828 280
(70.03) (0.07) (70.14) (78.56) (714.84) (76.12) (73.54) (73.54) (74.59)
120 8.02 5.40 6.3 789.4 1795.4 515.4 394 907 250
(70.01) (70.03) (70.05) (79.12) (716.47) (76.48) (78.24) (76.59) (76.48)
160 7.54 5.45 6.35 789.6 1799.1 533.1 396 898 210
(70.17) (70.01) (70.07) (79.24) (717.91) (75.59) (77.15) (78.48) (72.15)
200 7.02 5.32 6.22 802.8 1816.4 546.6 401 909 190
(70.11) (70.05) (70.08) (77.89) (713.27) (78.15) (79.23) (76.15) (73.48)
240 6.50 5.24 6.20 816.9 1840.7 548.8 408 920 170
(70.14) (70.06) (70.09) (78.19) (719.45) (75.49) (74.27) (78.15) (72.97)
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kinetics model was concluded for absorption. Fluoride was reduced from 4 to 6 mg/L to 0.5 mg/L [35].
As observed previously by Chen et al. [36] in their study of the electrocoagulation of a restaurant
wastewater with aluminum electrodes, where 72% COD removal was reached.
3.4. Powdered activated charcoal treatment (PAC)
In the present investigation (Table 5), pH of the efﬂuents was increased almost serially after
charcoal treatment. Initial pH of dairy efﬂuent at 0.5 g/L dose was 7.27, which increased to 7.39 at 3 g/L
of PAC. Electrical conductivity of the ice-cream efﬂuent decreased at 2 g/L of dose while better
reduction in EC was observed in case of dairy efﬂuent at 2.5 g/L dose of charcoal. TDS content also
showed remarkable reduction in sweet-snack industry at 1.5 g/L dose while dairy efﬂuent showed
reduction at 3 g/L dose of charcoal. Similarly COD values (Table 6) were decreased serially in all
three efﬂuents. Reduction of COD by adsorption on activated carbons has also been reported [37].
Table 7
Changes in COD, turbidity and hardness after treatment with alum of three industrial wastewaters.
Dose
(mg/L)
COD(mg/L) Turbidity (NTU) Hardness(mg/L)
Dairy Sweet-snacks Ice-cream Dairy Sweet-snacks Ice-cream Dairy Sweet Ice-cream
40 7080 5880 6420 53.1 110.9 6.3 170 240 490
(716.32) (718.24) (714.56) (72.3) (74.21) (70.23) (72.14) (74.12) (76.15)
80 6645 4300 6210 51.8 102.4 5.4 160 220 450
(720.56) (714.67) (718.29) (72.59) (73.12) (70.56) (72.45) (75.16) (75.18)
120 6540 3120 6020 46.4 99.2 4.3 150 210 410
(722.58) (716.59) (717.24) (72.18) (72.16) (71.11) (76.24) (74.15) (79.15)
160 6020 3900 5870 44.5 101.5 4.0 140 190 390
(724.73) (714.21) (718.24) (71.89) (75.47) (70.15) (76.24) (76.24) (74.13)
200 5933 3560 5430 43.6 102.6 3.8 130 180 370
(718.21) (718.29) (718.23) (72.49) (76.15) (70.92) (74.28) (77.24) (73.56)
240 5811 3180 4907 41.2 100.1 2.6 120 160 360
(726.54) (714.26) (713.25) (71.24) (72.16) (70.94) (72.57) (76.15) (75.48)
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at 1.5–2 g/L of dose. Hardness of the efﬂuents showed ﬂuctuations. It is clear from the table that 2,
2.5 and 3 g/L was the optimum dose for dairy, sweet-snack and ice-cream efﬂuents respectively. The
hardness of water is generally due to the presence of calcium and magnesium in the water while other
metallic ions may also contribute to hardness.
Adsorption is a natural process by which molecules of dissolved compound collect on and adhere
to the surface of an adsorbent solid. Adsorption occurs when the attractive forces at the carbon surface
overcome the attractive forces of the liquid. Recent changes in water discharge standards regarding
toxic pollutants have placed additional emphasis on use of powdered activated charcoal. One gram of
a typical commercial activated carbon will have a surface area equivalent to 1000 m2 and have ability
that permits the accumulation of a large number of contaminant molecules. PAC had been used as
adsorbent in various industrial wastewater treatments. Treatment of dairy wastewater with some low
cost adsorbents and PAC had shown that PAC was better in lowering TDS than other pretreated
adsorbents like bagasse, straw dust, saw dust, coconut coir and ﬂy ash [37]. Olive mill efﬂuent with
high COD, BOD and phenolic content when treated with PAC had shown 94% removal of phenols with
83% removal of other organic matter at an optimum concentration of PAC. Activated carbons have long
been considered the best adsorbent for the removal of organic matter in wastewater [38]. Activated
carbons from many sources have been used to remove dissolved metallic salts from aqueous solutions
have been reported [39,40,41]. Commercially produced activated carbons are however, very expensive
[38]. Many substances have been screened as alternative to the conventional raw materials for the
production of activated carbons [42]. Removal of organic compounds has been observed using
activated carbon, activated alumina, and activated bauxite as adsorbents [43], and it is one of the
technologies in treatment of different water resources or wastewaters which has been frequently used
to remove organic pollutants [44].3.5. Alum treatment
It is clear from the result obtained (Table 7) that the COD values for three efﬂuents decreased
serially after each dose. Turbidity and hardness also showed maximal decrease after addition of
240 mg/L of alum to all three efﬂuents. Maximal decrease in electrical conductivity (786.3 mS) was
observed when 80 mg/L was added to the dairy efﬂuent. The lower values of EC for ice-cream and
sweets-snacks efﬂuents were observed after a dose of 160 mg/L. TDS values were also decreased after
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828 mg/L respectively. Ice-cream efﬂuent showed decreasing trend (280 mg/L to 170 mg/L TDS) with
the increasing dose of alum. The serial decrease in COD values was observed in case of dairy efﬂuent
while the least value of COD for sweets-snacks efﬂuent was 3180 mg/L at 240 mg/L of alum. Similar
decrease was also observed with ice-cream efﬂuent. Turbidity showed decrease at 240 mg/L of alum
in all the three efﬂuents. The values were 41.2, 100.1 and 2.6 NTU for dairy, sweet-snacks and ice-
cream efﬂuents respectively. Similar decrease was also observed in hardness by 120, 160 and 360 mg/L
for dairy, sweet-snacks and ice-cream efﬂuents respectively. Coagulation-ﬂocculation is one of
the most important physicochemical treatment steps in industrial wastewater treatment to reduce
the suspended and colloidal materials responsible for turbidity of the wastewater and also for
the reduction of organic matters which contributes to BOD and COD content of the wastewater [45]. The
performance of a particular coagulant depends upon the quality of the wastewater. Alumwas found to be
effective coagulant in reducing solids, organics and nutrients in the dairy industry efﬂuent to reuse it in
irrigation but performance of the coagulants was highly dependent on pH and dosages [46].4. Conclusions
In the present study, satisfactory diminution of various parameters, mainly of turbidity, COD, EC,
TDS and Hardness were observed. From the initial characterization of the efﬂuents, ice-cream efﬂuent
was observed with more pollution potential but may varies with the season and type of process used
in the industry. Toxic chromium, lead and cadmium were observed in all the food industrial efﬂuents
and may cause damage to the aquatic and other life forms through bioaccumulation. Electrocoagula-
tion with aluminum rods is a convenient route for the treatment of three food industrial efﬂuents.
After electrocoagulation study, COD, Turbidity, EC and hardness showed decrease in values which also
indicate that the technique is best and more efﬁcient to treat such type of efﬂuents. Powdered
activated charcoal treatment proved to be better as compared with alum dosages. We also
recommend that all the three efﬂuents should be used for the irrigation purpose as they have good
fertilizing value. Useful nutrients from these efﬂuents can be recycled from the sludge.
Electrocoagulation should be promoted for such type of food efﬂuents and other highly complicated
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